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(57) Abstract: A restrictive device (216) implanted 
in the upper part of the stomach, selectively 
divides the stomach into two chambers (220, 
222), effectively reducing the size of the stomach 
immediately available for the uptake of food. The 
restrictive device also includes an aperture (219), 
limiting the rate at which food can pass from the 
esophagus portion of the stomach into the intestine. 
Being removable, the device permits a physician 
to change the size of the opening in a minimally 
invasive manner by replacing a removable member 
with another member having an aperture of a 
different size and/or shape. The restrictive device 
can also be combined with an elongated tube (302), 
or sleeve to selectively bypass the stomach, a portion 
of the intestine, or a combination of bypassing both 
the stomach and a portion of the intestine, allowing 
a physician to endoscopically create an equivalent 
to the Roux-en-y weight loss procedure. 



DISTAL 



WO 2004/087014 A2 llllieilDIUIIlilllIll«lflllllllll9il 



GM. KE, LS, MW, MZ, SD. SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY. CZ, DE, DK. EE, ES, R, FR, 
GB, GR, HU. IE, U, LU, MQ NL, PL, PT, RO, SE, SI, SK, 
TR) t OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE. SN, TD, TG). 



Published: 

— without international search report and to be republished 
upon receipt of that report 

For two -letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2004/087014 



PCT/US2004/009269 



ANTI-OBESITY DEVICES 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application 
Nos. 60/459,060, filed on March 28, 2003, and 60/471,413, filed on May 16, 2003. 
5 The entire teachings of the above applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

According to the Center for Disease Control (CDC), over sixty percent of the 
United States population is overweight, and almost twenty percent are obese. This 

10 translates into 38.8 million adults in the United States with a Body Mass Index 
(BMI) of 30 or above. The BMI is defined as a person's weight (in kilograms) 
divided by height (in meters), squared. To be considered clinically, morbidly obese, 
one must meet at least one of three criteria: (i) BMI over 35; (ii) 100 pounds 
overweight; or (iii) 100% above an "ideal" body weight. There is also a category for 

1 5 the super-obese for those weighing over 350 pounds. 

Obesity is an overwhelming health problem. Because of the enormous strain 
associated with carrying this excess weight, organs are affected, as are the nervous 
and circulatory systems. In 2000, the National Institute of Diabetes, Digestive and 
Kidney Diseases (NIDDK) estimated that there were 280,000 deaths directly related 

20 to obesity. The NIDDK further estimated that the direct cost of healthcare in the 

U.S. associated with obesity is $51 billion. In addition, Americans spend $33 billion 
per year on weight loss products. In spite of this economic cost and consumer 
commitment, the prevalence of obesity continues to rise at alarming rates. From 
1991 to 2000, obesity in the U.S. grew by 61%. Not exclusively a U.S. problem, 

25 worldwide obesity ranges are also increasing dramatically. 
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One of the principle costs to the healthcare system stems from the co- 
morbidities associated with obesity. Type-2 diabetes has climbed to 7.3% of the 
population. Of those persons with Type-2 diabetes, almost half are clinically obese, 
and two thirds are approaching obese. Other co-morbidities include hypertension, 
5 coronary artery disease, hypercholesteremia, sleep apnea, and pulmonary 
hypertension. 

Although the physiology and psychology of obesity are complex, the 
medical consensus is that the cause is quite simple - an over intake of calories 
combined with a reduction in energy expenditures seen in modern society. While 

10 the treatment seems quite intuitive, the institution of a cure is a complex issue that 
has so far vexed the best efforts of medical science. Dieting is not an adequate long- 
term solution for most people. Once an individual has slipped past the BMI of 30, 
significant changes in lifestyle are the only solution. 

There have been many attempts in the past to surgically modify patients' 

15 anatomies to attack the consumption problem by reducing the desire or ability to eat. 
Stomach staples, or gastroplasties, to reduce the volumetric size of the stomach, 
therein achieving faster satiety, were performed in the 1980's and early 1990's. 
Although able to achieve early weight loss, sustained reduction was not obtained. 
The reasons are not all known, but are believed related to several factors. One of 

20 which is that the stomach stretches over time increasing volume, while 

psychological drivers motivate patients to find creative approaches to literally eat 
around the smaller pouch. 

There are currently two surgical procedures that successfully produce long- 
term weight loss: the Roux-en-Y gastric bypass; and the biliopancreatic diversion 

25 with duodenal switch (BPD). Both procedures reduce the size of the stomach plus 
shorten the effective-length of intestine available for nutrient absorption. Reduction 
of the stomach size reduces stomach capacity and the ability of the patient to take in 
food. Bypassing the duodenum makes it more difficult to digest fats, high sugar, 
and carbohydrate rich foods. One objective of the surgery is to provide feedback to 

30 the patient by producing a dumping syndrome if they do eat these food products. 
Dumping occurs when carbohydrates directly enter the jejunum without being first 
conditioned in the duodenum. The result is that a large quantity of fluid is 
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discharged into the food from the intestinal lining. The total effect makes the patient 
feel light-headed and results in severe diarrhea. For reasons that have not been 
determined the procedure also has an immediate therapeutic effect on diabetes. 
Although the physiology seems simple, the exact mechanism of action in 
5 these procedures is not understood. Current theory is that negative feedback is 
provided from both regurgitation into the esophagus and dumping when large 
volumes of the wrong foods are eaten. Eventually, patients learn that to avoid both 
these issues they must be compliant with the dietary restrictions imposed by their 
modified anatomy. In the BPD procedure, large lengths of jejunum are bypassed 

1 0 resulting in malabsorption and therefore, reduced caloric uptake. In fact, the 

stomach is not reduced in size as much in the BPD procedure so that the patient is 
able to consume sufficient quantities of food to compensate for the reduced 
absorption. This procedure is reserved for the most morbidly obese as there are 
several serious side effects of prolonged malabsorption. 

1 5 Unfortunately, these procedures carry a heavy toll. The morbidity rate for 

surgical procedures is alarmingly high with 11% requiring surgical intervention for 
correction. Early small bowel obstruction occurs at a rate of between 2 to 6% in 
these surgeries and mortality rates are reported to be approximately 0.5 to 1.5%. 
While surgery seems to be an effective answer, the current invasive procedures are 

20 not acceptable with these complication rates. Laparoscopic techniques applied to 
these surgeries provide faster recovery but continue to expose these very ill patients 
to high operative risk in addition to requiring an enormous level of skill by the 
surgeon. Devices to reduce absorption in the small intestines have been proposed 
(See U.S. Patent Number 5,820,584 (Crabb), U.S. Patent Number 5,306,300 (Berry) 

25 and U.S. Patent Number 4,3 1 5,509 (Smit)). However, these devices have not been 
successfully implemented. 



SUMMARY OF THE INVENTION 

In general, the present invention is related to means to promote weight loss 
30 in humans. More specifically, the invention relates to a restrictive device implanted 
by a physician in the upper part of the stomach. The restrictive device can be two- 
piece device including anchoring cuff and a removable member with an aperture 



WO 2004/087014 



-4- 



PCT/US2004/009269 



through which food transits. First, the restrictive device divides the stomach into 
two chambers: an upper chamber, near the esophagus, and a lower chamber. 
Dividing the interior of the stomach in this manner restricts the volume of the upper 
stomach available for the uptake of food. Thus, the size of the stomach immediately 
5 available for food is effectively reduced in a minimally invasive manner. Further, 
the restrictive device includes an aperture of a selectable size through which food 
can pass. Thus, the device also limits the rate at which food is passed from the 
esophagus to the upper portion of the stomach and into the intestine. Being 
removable, the invention also permits the physician to change the size of the 

1 0 opening in a minimally invasive manner by replacing the member with another 
member having an aperture of a different size and/or shape. 

Additionally, the invention relates to a means to endoscopically restrict 
stomach capacity and selectively bypass the stomach, or a portion of the intestine, or 
a combination of bypassing both the stomach and a portion of the intestine. The 

1 5 restrictive device, as described above, can be combined with an elongated tube, or 
sleeve. Such a device eliminates contact of food with a selectable portion of the 
stomach, allowing a physician to endoscopically create an equivalent to the Roux- 
en-y weight loss procedure, a combination of restrictive and malabsorption 
procedure. The intestinal sleeve may be a chyme sleeve such as described in prior 

20 U.S. Utility Patent Application Nos. 10/339,786 entitled, "Bariatric Sleeve," filed 
January 9, 2003, and 10/726,011, entitled "Anti-Obesity Devices/ 5 filed on 
December 2, 2003, the contents of which are incorporated herein by reference in 
their entirety. The intestinal sleeve may also be an enzyme sleeve such as described 
in prior U.S. Provisional Patent Application No. 60/459,060, entitled, "Enzyme 

25 Sleeve," filed March 28, 2003, the contents of which are also incorporated herein by 
reference in their entirety. 

The sleeve is attached to the restrictive device thereby eliminating contact of 
food with a selectable portion of the stomach. In some embodiments, the sleeve is 
further anchored to a portion of the gastrointestinal tract, such as at or near the 

30 pylorus, to keep the lower end of the tube from moving into the stomach or down 
into the intestines. Two embodiments are described. One is a continuous piece: 
restrictive device, stomach sleeve, sleeve anchor and intestine sleeve. The second is 
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a two part system: first, a restrictive device, stomach sleeve and anchor-connector, 
and second, a pylorus anchor and intestine sleeve. 

By anchoring the sleeve device in the upper part of the stomach, it becomes 
both a restrictive device and an intestinal sleeve. One is then able to endoscopicaily 
5 create a reversible and adjustable weight loss procedure similar to the Roux-en-y, a 
combination of restrictive and malabsorption procedure. 

A gastrointestinal implant device includes a restrictive member and an 
anchor. The restrictive member can be a membrane, and is configured for 
implantation into an upper portion of an animaPs stomach. When implanted, the 

1 0 restrictive membrane divides the inner volume of the stomach into a proximal 
chamber and a distal chamber. The anchor is preferably fixedly coupled to the 
stomach. The restrictive membrane, however, is removably coupled to the anchor, 
thereby securing the restrictive membrane within the stomach. 

The restrictive membrane can be planar, and generally includes an exterior 

15 perimeter adapted to contact inner walls of the stomach. For example, the restrictive 
membrane can be substantially circular, having an external diameter between about 
7 and about 20 centimeters. The restrictive membrane also defines an interior 
aperture. The interior aperture can also be substantially circular, having a diameter, 
for example, between about 1 and about 5 centimeters. The restrictive membrane is 

20 preferably both flexible, allowing the restrictive screen to deform, and substantially 
non-elastic, ensuring that the surface area of the restrictive membrane does not vary 
substantially when acted upon by stresses present within the stomach. 

The restrictive membrane can be formed from a permeable material 
impregnated with an impermeable coating. For example, the gastrointestinal 

25 implant device can be formed of a permeable material, such as a polyester fiber 

(e.g., DACRON® polyester), that is coated with a material such silicone, urethane, 
and combinations thereof. Additionally, the restrictive membrane can be formed 
from a composite material prepared using an otherwise elastomeric material together 
with a matrix of fibers. The fibers, when impregnated in the elastomeric material, 

30 alter its properties, rendering it substantially non-elastomeric. 

Preferably, the anchor is fixedly coupled to the stomach; whereas, the 
restrictive membrane is removably coupled to the anchor. Thus, the restrictive 
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membrane to be removed and replaced as necessary, without having to remove the 
anchor. To facilitate removable coupling to the anchor, the restrictive membrane . 
includes a feature configured for coupling. For example, the feature can be a 
plurality of loops that couple to a respective plurality of corresponding hooks 
5 provided on the anchor. 

The anchor can be fixedly coupled to the stomach using a number of 
retractable spring clips, each spring clip is configured to penetrate the muscular 
tissue of the stomach. The anchor can also include a spring clip-retaining device 
configured to retain the spring clips in a non-deployed position during insertion 

1 0 and/or removal of the anchor. For example, the retaining device can be a retaining 
ring removably coupled to the anchor. The retaining ring can include a respective 
number of slots for engaging the number of spring clips securing the clips in a non- 
deployed position. Alternatively, the spring-clip-retaining device can be a feature on 
the anchor itself. For example, the anchor can include a retaining aperture, or slot 

1 5 into which the tip of a spring clip can be inserted, thereby stowing it in a non- 
deployed position. The anchor is generally made from an elastic material, such as a 
shape-memory material. For example, the shape-memory material can include a 
nickel-titanium (Ni-Ti) alloy, commonly referred to as Nitinol. 

The invention also relates to a process for treating obesity in an animal. The 

20 process includes providing a restrictive member and an anchor. The anchor is 
fixedly coupled the anchor to an upper portion of an animal's stomach. The 
restrictive member can be a membrane, and is removably coupled to the anchor, the 
restrictive membrane. 

The restrictive device can also be combined with a removable, variable 

25 length elongated tube. The elongated tube is open at both ends, and coupled at its 
proximal end to the variable restrictive device. The elongated tube extends at least 
near the pylorus and is adapted to limit absorption of nutrients in the stomach. The « 
device also includes an anchor coupled to the elongated tube for securing at least a 
distal portion of the tube to the gastrointestinal tract. 

30 In some embodiments, the elongated tube includes a flexible sleeve, that can 

also be a non-supported. For example, the flexible sleeve can be formed of a 
material including polytetrafluoroethylene (PTFE), expanded PTFE, Fluorinated 4 



WO 2004/087014 



-7- 



PCT/US2004/009269 



Ethylene Polymer (FEP), polypropylene, polyethylene, and combinations thereof. 
Preferably, the flexible tube is formed of a material having a coefficient of friction 
of less than about 0.2. The flexible sleeve can include a base material and a coating, 
such as a silicone-based coating, a polyurethane-based coating, and combinations 
5 thereof. 

The elongated tube can be formed with variable lengths, that can extend into 
the intestine. The anchor secures the elongated tube within the gastrointestinal tract 
For example, the anchor can secure the elongated tube to a portion of the 
gastrointestinal tract, such as at or near the pylorus. 

10 Additionally, the gastrointestinal implant device can include a second, 

elongated extension tube. The extension tube is also open at both ends, having a 
proximal end substantially aligned with a distal end of the elongated tube. The 
extension tube can be coupled to the elongated tube using a connector coupled 
between the proximal end of the extension tube and the distal end of the elongated 

1 5 tube. For example, the connector can include a hook-and-loop connector. Thus, a 
number of hooks on at least one end of one of the elongated tubes, hook through 
respective loops on a mating end of the other of the elongated tubes. 

The anchor, in turn, can be collapsible. For example, the anchor can be 
formed from a shape memory material, such as Nitinol. Additionally, the anchor 

20 can be tubular including a number of barbs extending from the exterior surface of 
the anchor. The barbs are generally configured for securing the anchor to muscular 
tissue of the gastrointestinal tract In some embodiments, the barbs are substantially 
bi-directional, extending outward, in opposing directions that are substantially 
parallel to the central axis of the tubular anchor. 

25 The invention also relates to a process for treating obesity in an animal. The 

process includes the steps of endoscopically placing a removable, variable restrictive 
device in an upper part of a stomach, endoscopically placing a removable, variable 
length sleeve in the duodenum and jejunum; and connecting the sleeve to the 
restrictive device. The removable, variable restrictive device can be placed by 

30 providing a restrictive membrane and an anchor, and fixedly coupling the anchor to 
an upper portion of an animal's stomach. The restrictive membrane is then 
removably coupled to the anchor. When so coupled, the restrictive membrane 
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divides the inner volume of the stomach into a proximal chamber and a distal 
chamber and limits the rate that food can pass therethrough. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages of the invention 
will be apparent from the following more particular description of preferred 
embodiments of the invention, as illustrated in the accompanying drawings in which 
like reference characters refer to the same parts throughout the different views. The 
1 0 drawings are not necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

FIG. 1 is a sectional view of a portion of the gastrointestinal tract of an 
animal body; 

FIG. 2 is a sectional view of a portion of the stomach including one 
1 5 embodiment of a restrictive drum assembly; 

FIG. 3A is a perspective view of the anchoring ring shown in FIG. 2; 
FIG. 3B is a perspective view of the restrictive drum shown in FIG. 2; 
FIG. 4 is a perspective view of a catheter containing an anchoring ring folded 
for delivery; 

20 FIG. 5 is a sectional view of a portion of the stomach illustrating deployment 

of the restrictive drum assembly shown in FIG. 2; 

FIGS. 6A and 6B are a perspective views of a portion of the restrictive drum 
assembly in more detail respectively illustrating the anchors in the pre-released 
position, and released position; 
25 FIG. 7 is a more detailed perspective view of the anchor release ring shown 

in FIGS. 5,6A,and6B; 

FIG. 8 is a perspective view illustrating in more detail the anchoring ring 
engaging the drum member; 

FIG. 9 is a cross sectional view along A-A of FIG. 4, illustrating an 
30 alternative embodiment for securing anchors of the anchor ring in an undeployed 
position for endoscopic delivery and/or removal through a catheter; 
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FIGS. 10A and 10B are a perspective views of a release device for releasing 
the tips of the spring clips from the slots after the anchoring ring is in position, 
respectively showing a stripper bar retracted and extended; 

FIG. 1 1 is a perspective view illustrating the jaws of the release device 
5 shown in FIGS. 10A and 10B positioned to remove the tips of the spring clips from 
the anchor retaining slots. 

FIGS. 12A and 12B are a perspective views of a portion of the release device 
and the anchoring ring, illustrating the spring clips after being released, respectively 
showing the stripper bar in the retracted and extended positions; 
10 FIG. 13 is a sectional view of a portion of the stomach including one 

embodiment of a restrictive drum assembly-sleeve combination with a one-piece 
sleeve extending through the stomach and into the intestine; 

FIG. 14 is a perspective view of the restrictive drum assembly with a one- 
piece sleeve combination, showing in more detail the anchor of FIG. 13; 
1 5 FIGS. 1 5 A and 1 5B are schematic diagrams illustrating a side projection 

view of one embodiment of a tubular anchor respectively shown in an expanded 
configuration and in a contracted configuration; 

FIG. 16A provides top and side orthonormal projection views of an 
alternative embodiment of a tubular anchor; 
20 FIG. 16B is a perspective view of the tubular anchor shown in FIG. 16 A; 

FIG. 17 is a perspective view of a restrictive drum with an attached stomach 
sleeve and an attached anchoring connector; 

FIG. 1 8 is a sectional view of a portion of the stomach showing the 
anatomical positioning of a restrictive drum assembly-sleeve combination with a 
25 two-piece sleeve extending through the stomach and into the intestine; 

FIG. 19 is a side view of one embodiment of a two piece anchoring 
connector, the two pieces shown coupled together; 

FIG. 20 is a side view showing in more detail the stomach sleeve connectors 
with locking details; 

30 FIG. 21 is a side view of a stomach sleeve connector, showing in more detail 

the stomach sleeve connector locked to the anchoring stent; and 
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FIG. 22 is a sectional view of a portion of the stomach showing the 
anatomical positioning of a restrictive drum assembly-sleeve combination with an 
intestinal sleeve 



5 DETAILED DESCRIPTION OF THE INVENTION 

A description of preferred embodiments of the invention follows. 
One means of reducing caloric intake is to reduce the size of the stomach 
immediately available for the uptake of food. This can be accomplished, at least in 
part, with a restrictive device configured for implantation in the upper part of the 

10 stomach. The restrictive device selectively divides the stomach into two chambers, 
reducing the size of the stomach immediately available for the uptake of food. The 
restrictive device also includes an aperture, limiting the rate at which food can pass 
from the esophagus portion of the stomach into the lower portion of the 
gastrointestinal tract. Being removable, the device permits a physician to change the 

1 5 size of the opening in a minimally invasive manner by replacing a removable 

member with another member having an aperture of a different size and/or shape. 

Another means of reducing caloric uptake is to reduce the area of the 
gastrointestinal tract available for absorbing nutrients. Thus, the restrictive device 
can be combined with an elongated tube, or sleeve to selectively bypass the stomach, 

20 a portion of the intestine, or a combination of bypassing both the stomach and a 

portion of the intestine, allowing a physician to endoscopically create an equivalent 
to the Roux-en-y weight loss procedure. 

FIG. 1 is a sectional view of a portion of the digestive tract 100 of an animal 
body. Food to be digested enters the stomach 102 through the cardiac orifice 104 

25 from the esophagus. Chyme, a semi-fluid, homogeneous creamy or gruel-like 

material produced by gastric digestion in the stomach exits the stomach through the 
pyloric orifice (pylorus) 105 and enters the small intestine 106. The pylorus 105 is a 
distal aperture of the stomach 102 surrounded by a strong band of circular muscle. 
The small intestine 106 in an average human body is a convoluted tube, about 1 5 

30 feet in length, extending from the pylorus 105 to the ileo-caecal valve where it 
terminates in the large intestine (not shown). Generally, the small intestine 106 
includes three sections: (i) the duodenum 108; (ii) the jejunum 1 18; and (iii) the 
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ileum (not shown they are continuous and should be noted). The first twelve-inch 
section of the small intestine 106, the duodenum 108, is the shortest, widest and 
most fixed part of the small intestine 106. 

The duodenum 108, in turn, includes four sections: (i) superior; (ii) 
5 descending; (iii) transverse; and (iv) ascending, which typically form a U-shape. 
The superior section is about two inches long and ends at the neck of the gall 
bladder (not shown). The descending section is about three to four inches long and 
includes a nipple-shaped structure, referred to as the papilla of vater 1 10 through 
which pancreatic juice from the pancreas and bile produced by the liver and stored 

10 by the gall bladder, enter the duodenum. The pancreatic juice flows from the 

pancreas to the papilla of vater 1 10, through the pancreatic duct 1 12. Similarly, bile 
flows from the gall bladder to the papilla of vater 1 10, through the bile duct 114. 
Both ducts 1 12, 1 14 combine, as illustrated, before the papilla of vater 1 10, the 
anatomy of which is described in more detail below. The pancreatic juice contains 

15 enzymes essential to protein digestion; whereas, bile dissolves the products of fat 
digestion. Finally, the ascending section is about two inches long and forms the 
duodenal-jejunal flexure 1 16 where it joins the jejunum 1 18, the next section of the 
small intestine. The duodenal-jejunal flexure 1 16 is fixed to the ligament of Treitz 
120 (musculus supensionus duodeni). Thus, the juices naturally secreted into the 

20 duodenum further break down the partially digested food into particles small enough 
to be absorbed by the body. The digestive system 100 is described in numerous 
texts, such as Gray's Anatomy ("Anatomy of the Human Body,* 5 by Henry Gray), 
and "Human Physiology," Vander, 3 rd Ed., McGraw Hill, 1980, the contents of 
both, which are incorporated herein by reference in their entirety. 

25 A restrictive device 216 is shown in FIG. 2, as it would sit in an expanded 

stomach 102. The restrictive device 216 sits in the upper portion of the stomach 
102, dividing the stomach 102 into an upper chamber 220 and a lower chamber 222. 
Preferably, the restrictive device 216 is placed near the proximal end of the stomach 
102 (near the esophagus 104) thereby defining a small, upper stomach pouch 220. 

30 For example, the restrictive device 216 can be positioned within the stomach to 

provide an upper stomach pouch 220 having a volume between about 30 and about 
100 cubic centimeters (cc). Ingested food initially enters through the esophagus 104 
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and fills up the small upper stomach pouch 220, being separated by the restrictive 
device 216 from the remaining lower portion of the stomach 222. 

The restrictive device 216 is generally planar, having an exterior perimeter 
217 and defining an interior aperture 218. The restrictive device 216 is attached 
5 along its exterior perimeter 2 1 7 to the walls of the stomach 1 02. Ingested food 
retained within the upper stomach pouch 220 passes from one side of the restrictive 
device 216 to the other, through the aperture 218. 

In some embodiments, the restrictive device 216 is formed as an assembly 
having a fixed, anchoring member, and a removable, restrictive member. For 

1 0 example, the restrictive device 216 includes an anchoring ring 226 and a restrictive 
membrane 224. The anchor ring 226 is configured to secure the restrictive device 
216, along its external perimeter to the interior walls of the stomach 102. 
Preferably, the anchor ring 226 is permanently attached to the stomach 102, whereas 
the restrictive membrane 224 is removably coupled to the anchor ring 226. Thus, 

15 the restrictive membrane 224 can be implanted and removed, as required. 

Additionally, restrictive membranes 224 having variable apertures can be inserted 
and replaced, as required. For example, a restrictive membrane 224 having a large 
aperture 218 may be inserted at first, to allow the patient to become accustomed to 
the implant, and/or to provide time for the ingrowth of tissue around the anchor. 

20 Later, the restrictive membrane 224 can be removed and replaced with a different 
membrane 224 having a smaller aperture 21 8. Should the smaller aperture 218 be 
too small, causing difficulties for the patient, the restrictive membrane 224 can be 
removed and replaced again with another membrane 224, the procedure being 
repeated as necessary, 

25 The anchoring ring 226 can be secured to the stomach 102 using sutures, 

surgical staples, and/or an adhesive, or any other suitable means of attachment. 
Preferably, the anchoring ring 226 is configured to promote tissue growth, thereby 
further securing the anchoring ring 226 in place. Alternatively or in addition, the 
anchoring ring 226 can be secured to the stomach 102 using retractable staples 228. 

30 The retractable staples 228 are configured to penetrate through the mucous lining 
and into the tissue of the stomach 102 for secure attachment to the stomach 102. As 
food fills the upper stomach pouch 220, considerable pressure can result along the 
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upper surface of the restrictive membrane 224. For an adult human, the outer 
diameter of the membrane can range from about 7 to about 20 centimeters (cm), 
depending on the size of the stomach pouch desired. 

FIG. 3A shows the anchoring ring 226 in more detail with the retractable 
5 anchors 228 extended in a fully engaged position for anchoring. The retractable 
anchors 228 are generally attached at one end to the anchoring ring 226, the other 
end extending radially outward from the center of the anchoring ring 226, to engage 
the tissue of the stomach 102. In some embodiments, as shown, two anchors 228% 
228" can be aligned in opposition, such that the extended ends of the anchors 228', 

1 0 228" approach each other, being capable of grasping, or pinching the tissue of the 
stomach 102. The anchors 228 can be formed from cut outs in the anchoring ring 
226 itself. Further, the anchors 228 can be formed of a resilient material such that 
they spring outward from the anchoring ring 226, when inserted, to grasp the 
stomach 102. Additionally, the anchors 228 can be formed from a shape memory 

1 5 material, such as a nickel-titanium (Ni-Ti) alloy, commonly referred to as Nitinol. 
The Nitinol anchors 228 can be heat formed into the position shown so that when 
released from the anchor retainer slots, they spring into this position. 

The anchoring ring 226 is generally made of a flexible material to facilitate 
its delivery into the stomach, and to permit collapse of the stomach around it. For 

20 example, the anchoring ring 226 can be formed using flexible metals, polymers, or 
combinations thereof. Additionally, the anchoring ring 226 can include a fibrous 
material. In some embodiments, the entire anchoring ring 226 is made from a shape 
memory material, such as Nitinol. 

In order to increase flexibility of the anchoring ring 226, cutouts 232 in the 

25 ring can be provided. As an additional benefit, such cut outs 232 also promote the 
ingrowth of tissue. Drum engagement hooks are located around the ring to engage 
closed slots in the removable drum membrane and hold it in place. The anchoring 
ring will become covered in tissue over time and is thus not removable. 

FIG. 3B shows one embodiment of a restrictive membrane 224. Preferably, 

30 the restrictive membrane 224 is made from a flexible material that is substantially 
non-elastic. Thus, as with the anchoring ring 226, the restrictive membrane 224 is 
also defonnable to facilitate insertion into the stomach and to permit collapse of the 
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stomach around it. However, the restrictive membrane 224 preferably does not 
stretch. Such a limitation on the maximum size of the aperture 218 provides better 
control on the rate at which food passes from the upper stomach pouch 222 into the 
distal portions of the digestive tract By providing a control on the maximum 
5 aperture size of a given restrictive membrane 224, other drum membranes having 
apertures with different sizes may be used, as required. The aperture 218 in the 
restrictive membrane 224 is selectable and may be varied between about 1 and about 
5 centimeters (cm) in diameter depending on the level of restriction desired. 

Exemplary material for the restrictive membrane 224 providing the desired 

10 properties include non-permeable materials, such as polymers, PTFE, ePTFE, FEP, 
polypropylene, polyethylene, and combinations, thereof. Alternatively or in 
addition, the restrictive membrane 224 can be formed from a permeable material 
impregnated with an impermeable coating, such as silicone or urethane. The 
permeable material can be a fibrous material, such as a weave. The fibers can be 

1 5 natural fibers or synthetic fibers. Preferably, the synthetic fibers can be a polyester 
fibers, such as DACRON® polyester. Additionally, otherwise elastic materials, 
such as silicone, urethanes, and/or polymers, can be impregnated with fibers to limit 
stretching, rendering them essentially non-elastomeric. 

To facilitate insertion and removal, some embodiments of the drum 

20 membrane 224 include a number of closed loops, or slots 240 arranged around the 
periphery. These slots 240 are configured for removably coupling to corresponding 
engagement hooks 230 around the periphery of the anchoring ring 226. 

As described above, the anchoring ring 226, and the drum membrane 224 are 
collapsible and are shown in FIG. 4 in a collapsed state. Thus, the anchoring ring 

25 226, and/or the restrictive membrane 224 can be folded in an introduction tube 244 
for endoscopic delivery through the esophagus. In the collapsed state the anchoring 
ring 226, the restrictive membrane 224, and/or the entire restrictive device 216, can 
be collapsed having a maximum radial dimension along the tube, ranging from about 
5 to about 15 millimeters (mm) in diameter. The anchoring ring 226 can be 

30 introduced through the esophagus and then released from its introduction tube 244. 
The anchoring ring 226 can then be aligned or pulled into place, up against the 
stomach 102 to seat it in the correct position using graspers (not shown). 
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For example, referring now to FIG. 5, the anchoring ring 226 is first 
positioned to a desired location within the stomach 102 prior to anchoring. In some 
embodiments, the anchors 228 are held in their undeployed position in the respective 
anchor retainer slots by an anchor release ring 250. One or more wires 252 can be 
5 attached to the anchor release ring 250, and the anchor release ring coupled to the 
anchoring ring 226 using an interference fit When the anchoring ring 226 is in 
place, the wires 252 attached to the anchor release ring 250 are pulled toward the 
proximal end of the stomach thereby separating the anchor release ring 250 from the 
anchoring ring 226 by pulling the anchor release ring 250 up and off of the 

10 anchoring ring 226. As described above, removal of the anchor release ring 250 
releases the anchors 228 from their respective anchor retainer slots, allowing the 
anchors 228 to bend into their pre-formed position. Thus, the anchors 228 dig into 
the stomach muscle tissue to anchor the anchoring ring 226 into place. This is 
shown more clearly in FIG. 6 A where the anchor release ring 250 is holding the 

1 5 anchors 228 back, in a stowed position for insertion and removal. In FIG. 6B, the 
anchor release ring 250 is removed in the direction shown, freeing the anchors 228 
and allowing them to bend outward, extending into a deployed position. The anchor 
release ring 250 can then be pulled back using one of the wires 252 into a delivery 
sleeve, or catheter, for endoscopic removal from the body. 

20 FIG. 7 shows one embodiment of an anchor release ring 250. The anchor 

release ring 250 includes a number of anchor retention slots 260, each slot 
configured, when coupled to the anchoring ring 226, to retain a corresponding 
anchor 228. The anchor release ring 250 can be made using any of the materials 
used for the anchoring ring. The anchor release ring is generally formed with a 

25 shape configured to contour to the perimeter of the anchoring ring 226. Thus, as 
shown, the anchoring ring 250 is circular, having a diameter substantially the same 
as, or slightly less than the diameter of a circular anchoring ring 226. Additionally, 
the anchor release ring 250 includes a feature to facilitate its insertion and removal. 
For example, the feature can be a hole 262 through which one end of a wire can 

30 attach. 

After the anchoring ring 226 is anchored by the anchors 228 and the anchor 
release ring 250 has been removed, the restrictive membrane 224 is endoscopically 
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delivered using a delivery tube similar to the delivery tube shown in FIG. 4 for 
delivering the anchoring ring. After the delivery tube has been inserted, the drum 
member 224 is removed from the tube by graspers and placed in position such that 
each drum engagement hook 230 on the anchoring ring 226, as shown in FIG. 3 A, 

5 engages a respective retainer slot 232 on the drum membrane 224, as shown in FIG. 
3B. FIG. 8 illustrates the drum cover hooks 230 on the anchoring ring 226 engaged 
with the retainer slots 232 on the restrictive membrane 224. 

FIG. 9 illustrates an alternative embodiment for holding the anchors 208 in 
an undeployed position. As shown in cross-section, the anchoring ring 226 is in its 

10 collapsed position in the introducing tube 244. The tip of one of the anchors is 
inserted into a respective anchor retaining slot 234 in the anchoring ring 236. As 
shown, the slot 234 can be located such that it is out of alignment with the anchor 
238 by a distance 'd.' Thus, the spring action of the anchor 238 retains the tip 
within the slightly misaligned slot during insertion and/or removal. The anchoring 

1 5 ring 226 can be introduced through the esophagus 1 04 and then released from its 
introduction tube 244. The anchoring ring 226 is then pulled with graspers up 
against the stomach to seat it in the correct position. Once delivered and positioned 
into place, the anchors 238 are removed from their respective retaining slots and 
allowed to spring outward, thereby grasping the tissue of the stomach as described 

20 above. 

FIG. 10A illustrates one embodiment of a release device 270 configured for 
releasing the tips of the anchors 238, or spring clips from their respective anchor 
retaining slot 234 after the anchoring ring is positioned. Each spring clip 238 is 
individually released by the release device 270. The release device 270 is 

25 endoscopically delivered to the stomach 1 02. The release device 270 includes jaws 
274*, 274" (generally 274) that open and close, and a stripper bar 272 positioned 
between the jaws 274. The stripper bar 272 can be advanced and retracted along a 
longitudinal axis of the release device 270. FIG. 10B illustrates the device shown in 
FIG. 10A with the stripper bar extended. While the stripper bar 272 is in a retracted 

30 position, the jaws 274 can open and close. 

FIG. 1 1 illustrates the jaws 274 of the device positioned to remove the tips of 
two opposing spring clips 228', 228" from their respective retaining slots 234. The 
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stripper bar 272 is initially in a retracted position. Each jaw 274 is inserted under a 
respective spring clip 228. As the jaws 274 are closed, the jaws 274 wedge each tip 
of the opposing spring clips 228', 228" out of their respective retaining slots 234. 
FIG. 12A illustrates the spring clips 228', 228" after release. The stripper bar 272 is 

5 moved in a longitudinal direction toward the distal end of the jaws 274. The 

movement of the stripper bar 272 in one action, strips the anchoring ring 226 from 
the jaws and releases the spring clips 228*, 228". FIG. 12B illustrates the stripper 
bar 272 in an extended position after the spring clips 228', 228" have been deployed. 
In an alternative embodiment, referring now to figure 13, the restrictive 

10 device 216 described above can be combined with a removable, elongated tube. For 
example, the elongated tube can be a variable length sleeve 302 coupled at its 
proximal end to the restrictive device 216, and anchored at its distal end to a portion 
of the gastrointestinal tract, such as the pylorus 305. In this manner, the sleeve 302 
essentially results in a stomach bypass, providing a similar result to the Roux-en-y 

15 surgical bypass. The sleeve can be a removable, variable length sleeve as described 
in co-pending U.S. Utility Patent Application No. 10/339,786. The removable 
restrictive membrane 224 allows access to the removable variable length sleeve 302, 
allowing the variable length sleeve 302 to be placed and removed endoscopically. 
With both devices removable 216, 302, the level of malabsorption and restriction 

20 can be varied by varying the length of the sleeve 302 and varying the diameter of the 
aperture 218 in the restrictive membrane 224. Further, the length of the sleeve 302 
can be varied to extend beyond the pylorus 305, having a distal end 306 extending 
into the intestine. 

The distal end of the sleeve 306 can be placed within the interior of the 
25 gastrointestinal tract 100 terminating at a predetermined location that is generally 
determined by the length of the sleeve 306. Typically, in human applications, the 
overall length of the sleeve 306 ranges from about one foot to about five feet. In 
some embodiments, the device can be up to 10 feet in length to extend into the 
ileum. The typical length of the sleeve 306 is about 2 feet extending from the 
30 anchor 304 to below the ligament of Treitz 120. The length of the sleeve 306 is 

generally selected to bypass the duodenum 108 and at least a portion of the jejunum 
118. However, sleeves 306 of various lengths can be used to adjust the amount of 
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absorption. For example, the length of the sleeve 306 can be increased to farther 
decrease absorption by bypassing a longer section of the jejunum 108. Additionally, 
the length of the sleeve 306 can be variable and dependent on the patient's Body 
Mass Index (BMI). 

5 FIG. 13 shows the positioning of a one-piece sleeve assembly in the overall 

anatomy. The sleeve 302 can be attached at its proximal end to the restrictive 
membrane 224 using mechanical fasteners, chemical fasteners, such as adhesives, 
melting or other means. The sleeve 302 can similarly be attached to the anchoring 
stent 304 in the middle using any of the above attaching techniques. The anchoring 

10 stent 304 anchors the sleeve assembly 300 to a portion of the gastrointestinal tract, 
such as at or near the pylorus. Alternatively, the anchor 304 can secure the sleeve 
assembly 300 in the stomach 102, or below the pylorus 305 such as in the small 
intestine 120. An anchoring stent is described in co-pending U.S. Utility Patent 
Application No. 10/339,786. 

1 5 The sleeve material is preferably thin and conformable so that it collapses in 

the intestine to a small volume to minimize bowel irritability. In some 
embodiments, the thin-walled sleeve 302 is naturally in a collapsed state and is 
opened only by pressure from chyme within the sleeve 302. Further, the sleeve 
material preferably has a low coefficient of friction (e.g., less than about 0.20) so 

20 that chyme slides easily through it and digestive enzymes slide easily around it. 

Further, the sleeve is preferably formed using a material having a low permeability 
to fluids, so that the chyme neither mixes with digestive enzymes, nor contacts the 
bowel wall over the length of the sleeve 302. Thus, as the digestive enzymes are 
isolated from the chyme by the sleeve, they do not significantly breakdown the 

25 chyme. Still further, the sleeve material is preferably biologically inert, impervious 
to digestive fluids, and non-irritating to the tissues. 

In some embodiments, the sleeve material having the above-recited 
properties is formed using expanded polytetrafluoroethylene (ePTFE) with a wall 
thickness of about 0.005 inch with an internodal distance of less than about 5 

30 microns. Notably, ePTFE is hydrophobic, yet slightly porous. The very small pores 
may become clogged over time. The porosity can be reduced by selectively coating 
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the material on the inside, and/or the outside, and/or in the pores with dilute 
solutions of a sealant material, such as silicone or polyurethane. 

In other embodiments, the sleeve 302 can be formed using a thin film of 
TEFLON® (e.g., PTFE, or FEP, or a combination thereof), polypropylene or 
5 polyethylene. For example, the film can have a wall thickness of less than about 
0.001 inch. The sleeve material must be sufficiently thin and pliable to permit 
peristalsis to propel the chyme inside the tube. 

As described above, the sleeve 302 is secured at its proximal end by the 
restrictive screen 216, which is anchored in the stomach 102. The sleeve 302 can 

10 also be secured using an anchor 304 at its distal end, or anywhere in between the 
restrictive screen 21 6 and the distal end of the sleeve 302. Thus, an anchor 304 can 
be first attached to the sleeve 302, then secured to a predetermined location along 
the gastrointestinal tract 100, anchoring the sleeve 302 at that location. For 
example, the anchor 304 can be secured to the pylorus 305, as shown. 

1 5 The anchor 304 can be formed as a collapsible and self-expanding device, 

such as a collapsible, self-expanding tube, or stent. Thus, the anchor 304 can be 
securedly attached to the gastrointestinal tract 100 using an interference fit alone or 
in combination with one or more anchoring barbs configured to penetrate the 
muscular tissue of the gastrointestinal tract 100, as described in co-pending U.S. 

20 Patent Application Nos. 10/339,786, 10/726,01 1, and as also described in co- 
pending U.S. Provisional Application Nos. 60/528,084, and 60/544,527, entitled 
"Methods And Apparatus For Using A Sleeve Within The Gastrointestinal Tract," 
filed on February 13, 2003, the contents of which are incorporated herein in their 
entirety. Alternatively, or in addition, the anchor 304 can be attached to the 

25 gastrointestinal tract 100 using sutures, surgical staples, an adhesive, a combination 
of these, or any other suitable means. Preferably, the anchor 304 is removably 
attached, such that the device 300 can be implanted and removed as required with 
relative ease. For example, the anchor 304 can be formed from a shaped memory 
material, such as Nitinol. The Nitinol anchor 304 can be similar in design to the 

30 pyloric anchoring device described in co-pending U.S. Patent Application Serial 
Numbers 10/339,786, entitled "Bariatric Sleeve," filed January 9, 2003, and 
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1 0/726,0 1 1 , entitled "Anti-Obesity Devices," filed December 2, 2003, the contents 
of which are incorporated herein by reference in their entirety. 

FIG. 14 shows a one-piece sleeve 300 attached to the restrictive drum plate 
224. This assembly is collapsed and endoscopically introduced into the stomach. 
5 The distal end of the sleeve 300 is inserted into the duodenum with the attached 
anchoring stent 304 being inserted into the pylorus 305. The stent 304 includes a 
plurality of opposed barbs 308 for anchoring the implant device to the muscular 
pylorus 305 in the stomach 102. The diameter of the stent 304 is dependent on the 
diameter of the pyloric orifice 305, which is between about 0.8 and about 1.1 inch, 

10 based on human anatomy variations. In one embodiment, the length 'L' of the stent 
is selected to extend through the pylorus 305 and keep the pylorus 305 permanently 
open to induce "dumping syndrome.*' In an alternate embodiment, a stent 304 with 
a shorter length L* allows the pylorus 305 to open and close normally. The 
anchoring stent 304 is self expanding and anchors in the wall of the pylorus 305. 

1 5 The anchoring stent 304 is placed in the upper portion of the stomach, again via 

endoscopic means as described above. With the anchor ring 226 in place, the drum 
restrictor plate 224 with the attached upper portion of the sleeve 302 is coupled to 
the anchor ring 226. 

An exemplary tubular anchor 400 can be formed using a network of struts. 

20 Referring to FIG. 1 5 A, an exemplary anchor 400 formed in this manner is shown in 
an expanded configuration. The same anchor 400 shown in a collapsed 
configuration is illustrated in FIG. 15B. Thus, the anchor 400 can be formed from 
interconnecting struts that form a mesh (e.g., a network of struts). For example, the 
struts can form a mesh having diamond spaced openings, as illustrated, that are 

25 sufficiently flexible to allow the stent to be collapsed inside a delivery catheter and 
have sufficient elasticity to expand to secure the anchor to the gastrointestinal tract 
100 once the catheter is withdrawn. As described above, the struts can be formed 
from a shape memory material, such as Nitinol. Thus, in some embodiments, the 
anchor is compliant. Alternatively, the anchor can be constructed of a rigid material, 

30 such as a rigid metal or plastic. The rigid material can be expandable to facilitate 
insertion into the body, but once expanded, can retain its expanded shape. In some 
embodiments, the anchor 400 is non-expandable. 
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The tubular anchor 304 can also be formed using a single, continuous 
supporting member, such as a wire having the "wave" shape illustrated in FIGS. 
16A and 16B. The wave shape of the supporting member allows for compression in 
the radial direction to facilitate insertion and/or removal.^ As shown in FIG. 16B, the 
5 wave anchor 410 can optionally include one or more barbs 412 configured for 

securing the anchor in its installed position. For example, the wave anchor 410 can 
be similar in design to the anchoring device described in co-pending U.S. 
Provisional Application Serial Numbers 60/528,084, entitled "Bariatric Sleeve," 
filed December 9, 2003, and 60/544,527, entitled "Methods And Apparatus For 
10 Using A Sleeve Within The Gastrointestinal Tract," filed February 1 3, 2004, the 
contents of which are incorporated herein by reference in its entirety. 

FIG. 17 shows the stomach portion of a two-piece system 310. The two 
piece system 310 includes a stomach portion 312 and an intestine, or lower portion. 
The stomach portion 312 includes a restrictive membrane 224, upper sleeve 302 and 
15 connector assembly 314. The stomach portion 224, 312, 314 is collapsed and 
introduced into the stomach 102 after the lower portion which includes a lower 
sleeve with a pyloric stent, described in more detail below, and an anchoring ring 
have been anchored in the pylorus 305. 

FIG. 18 shows the two-piece sleeve system 310 inserted into the 
20 gastrointestinal tract of an animal. The stomach sleeve 312 with the connector 

assembly 3 14 is coupled to an anchor, or stent 320, which is, in turn attached to the 
lower (intestine) sleeve 322. The upper sleeve 3 12 is attached, or bonded to the 
restrictive membrane 224, as described above. Thus, in some embodiments, the 
upper sleeve 312 and restrictive membrane 224 are not detachable. With the anchor 
25 ring 226 anchored in the stomach 102 and the lower sleeve 322 with the expanded 
anchor 320 with anchors deployed in the inside wall of the pylorus 305, the upper 
sleeve 312, restrictive membrane 224 and connector assembly 314 are collapsed and 
introduced into the stomach 102. 

The barbs grip onto the muscle to anchor the implant device 216 in place so 
30 that the implant device 216 can not be dragged into the stomach 102 or down into 
the intestines with movement of the stomach 102 and the intestines. The anchor 3 14 
is non-woven, collapsible and self-expanding, allowing endoscopic insertion and 
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removal of the implant device. The stent 314 includes a plurality of flat struts 
forming an open space pattern to ease collapsing while ensuring self-expansion. The 
open space pattern allows for collapsing into a catheter for endoscopic delivery and 
removal. The struts may be manufactured from heat-treated spring steel, or an alloy 

5 such as Nitinol or MP35N. The stent can be formed from a tube of material by laser 
cutting followed by expansion and heat setting, or other methods well known to 
those skilled in the art 

In an alternate embodiment, the struts can be formed separately and the strut 
intersections can be welded or attached by other means well known to those skilled 

10 in the art Visually the struts form sections around the circumference of the stent 
Each section has a series of triangles with each triangle defined by one distal strut 
connection and two proximal strut connections. The ratio of the collapsed diameter 
to the expanded diameter of the stent is roughly about 1 :4. 

The ends of the struts at the proximal end of the stent are elongated and 

1 5 shaped to provide barbs to anchor to the muscle in the pyloric portion of the 

stomach. Pairs of barbs at the proximal end of the stent are elongated and can be 
shaped to provide opposed barbs to anchor the stent in the muscle of the pylorus. 
The strut ends protrude outward from the outer surface of the stent in opposite 
directions. They may be perpendicular to each other. The barbs at the ends of the 

20 respective opposed strut ends dig into the pylorus muscle to anchor the stent. The 
barbs at the end of the protruding opposed strut ends prevent movement of the stent 
in either direction; that is, they prevent movement of the stent into the stomach and 
prevent movement of the stent down through the duodenum. 

The distal end of the collapsed stomach sleeve connector is placed inside the 

25 duodenal sleeve anchoring pyloric stent Endoscopic graspers are used to lock the 
connector to the pyloric stent Lastly, the restrictive drum is coupled to the stomach 
anchor ring. 

Figs. 19 and 20 illustrate the anchor 320 and 314. The anchor 320 is covered 
by the sleeve as described in co-pending U.S. Utility Patent Application No. 
30 10/339,786 but the anchor 320 is shown with the sleeve removed for illustrative 
purposes. FIG. 19 shows the anchor 320 and connector 314 after they have been 
fastened, or locked together. FIG. 20 shows the connector 314 with locking details 
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322. The anchor 320 and connector 3 14 are typically both covered by a sleeve. 
Apertures are provided in the sleeve such that the connectors and barbs extend 
through the sleeve. In some embodiments, the sleeve can be bonded to the stent to 
minimize the exposed metal. The portions are coupled by hooking the exposed 

5 portion of the pylorus stent to the connectors located on the proximal stomach sleeve 
anchor. FIG. 21 illustrates another locking means in which the connector is coupled 
to the stent in both radial and longitudinal directions. 

FIG. 22 illustrates an alternative embodiment of a gastrointestinal implant 
including a restrictive device 5 1 8, and an elongated tube 525, or sleeve. This 

1 0 configuration is similar to the two-piece system shown in FIG. 1 7, except that the 
sleeve is not attached to the restrictive device. The elongated tube 525 generally 
includes a flexible sleeve 532, similar to the flexible sleeves described above, 
attached at one end to an anchor 530. The anchor 530 can also be similar to the 
anchors described above, being tubular and secured to the gastrointestinal tract 110, 

15 by any of the attachment means described above, including barbs 534. For example, 
the elongated tube 525 can be anchored at its proximal end to the intestine, below 
the pylorus 305, as illustrated. 

While this invention has been particularly shown and described with 
references to preferred embodiments thereof, it will be understood by those skilled 

20 in the art that various changes in form and details may be made therein without 
departing from the scope of the invention encompassed by the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A gastrointestinal implant device comprising: 

5 a restrictive member configured for implantation into a stomach of an 

animal, the restrictive member configured to divide the inner volume of the 
stomach into a proximal chamber and a distal chamber, and 

an anchor fixedly coupled to the stomach and removably coupled to 
the restrictive screen for securing the restrictive screen within the stomach. 

10 

2. The gastrointestinal implant device of claim 1 , wherein the restrictive 
member is a membrane having an exterior perimeter and defining an interior 
aperture. _ 



15 3. The gastrointestinal implant device of claim 2, wherein the aperture is 
substantially circular, having a diameter between about 1 and about 
5 centimeters. 



4. The gastrointestinal implant device of claim 2, wherein the restrictive 
20 member is substantially circular, having an external diameter between about 

7 and about 20 centimeters. 



5. The gastrointestinal implant device of claim 1, wherein the restrictive 

member is both flexible, allowing the restrictive member to deform, and non- 
25 elastic, ensuring that the surface area of the restrictive member does not vary 
substantially. 



30 



6. 



The gastrointestinal implant device of claim 5, wherein the restrictive 
member is substantially non-permeable. 
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7. The gastrointestinal implant device of claim 6, wherein the non-permeable 
member comprises a permeable material impregnated with an impermeable 
coating. 

5 

8. The gastrointestinal implant device of claim 7, wherein the permeable 
material is selected from the group consisting of: natural fibers; synthetic 
fibers; polyester fibers; and combinations thereof, and the impermeable 
coating is selected from the group consisting of: silicone; urethane; and 

10 combinations thereof 

9. The gastrointestinal implant device of claim 5, wherein the restrictive 
member is formed from a composite material prepared using an otherwise 
elastic material together with a matrix of fibers impregnated therein, the 
resulting composite being substantially non-elastic. 

The gastrointestinal implant device of claim 1, wherein the restrictive 
member comprises a feature configured for coupling to the anchor. 

The gastrointestinal implant device of claim 10, wherein the feature 
comprises a loop. 

The gastrointestinal implant device of claim 1, wherein the anchor is fixedly 
coupled to the stomach and the restrictive member is removably coupled to 
the anchor, allowing the restrictive member to be removed and replaced as 
necessary, without having to remove the anchor. 



15 

10. 

20 11. 
12. 

25 



30 



13. 



The gastrointestinal implant device of claim 1, wherein the anchor includes a 
plurality of retractable spring clips, each spring clip configured to penetrate 
the muscular tissue of the stomach. 
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14. The gastrointestinal implant device of claim 13, wherein the anchor includes 
a spring clip-retaining device configured to retain the spring clips in a non- 
deployed position during insertion and/or removal of the anchor. 

5 15. The gastrointestinal implant device of claim 14, wherein the staple-retaining 
device comprises a retaining ring removably coupled to the anchor and 
engaging the plurality of spring clips securing the plurality of spring clips in 
a non-deployed position. 

10 16. The gastrointestinal implant device of claim 15, wherein the spring-clip- 
retaining device comprises a retaining aperture defined by the anchor itself 

17. The gastrointestinal implant device of claim 1 , wherein the anchor is 
~ comprised of a shape-memory material. 

15 

18. The gastrointestinal implant device of claim 17, wherein the shape-memory 
material comprises a nickel-titanium (Ni-Ti) alloy. 

19. The gastrointestinal implant device of claim 1, wherein the anchoring ring 
20 comprises a feature configured for coupling to the restrictive screen. 



20. The gastrointestinal implant device of claim 19, wherein the anchoring ring 
feature comprises a hook. 



25 21. A method of treating obesity comprising the steps of: 
providing a restrictive member; 
providing an anchor; 

fixedly coupling the anchor to an upper portion of an animal's 
stomach; 

30 removably coupling the restrictive member to the anchor, the 

restrictive member, when coupled, dividing the inner volume of the stomach 
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into a proximal chamber and a distal chamber and limiting the rate that food 
can pass therethrough. 

22. The method of claim 20, wherein the anchor comprises an annular element 
including a plurality of deployable spring clips attached thereto, the spring 
clips configured, when deployed, to secure the anchor to the stomach. 



23. A gastrointestinal implant device comprising: 

10 a restrictive device defining a restrictive aperture, the device 

configured for implantation into an upper part of a stomach of an animal; 

a variable length elongated tube, open at both ends, and coupled at its 
proximal end to the restrictive device, the tube adapted to extend at least 
about to the pylorus to limit absorption of nutrients in the stomach, and 

15 an anchor coupled to the elongated tube for securing at least a distal 

portion of the elongated tube. 

24. The gastrointestinal implant device of claim 23, wherein the restrictive 
device comprises: 

20 a restrictive member configured to divide the inner volume of the 

stomach into a proximal chamber and a distal chamber; and 

an anchor fixedly coupled to the stomach and removably coupled to 
the restrictive member for securing the restrictive member within the 
stomach. 



25 



25. The gastrointestinal implant device of claim 23, wherein elongated tube is 
substantially non-permeable. 



26. 

30 



The gastrointestinal implant device of claim 23, wherein the elongated tube 
comprises a flexible sleeve. 
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27. The gastrointestinal implant device of claim 26, wherein the flexible sleeve 
is non-supported. 

28. The gastrointestinal implant device of claim 26, wherein the flexible sleeve 
5 is formed of a material selected from the group consisting of: 

polytetrafluoroethylene (PTFE); expanded PTFE; Fluorinated Ethylene 
Polymer (FEP); polypropylene; polyethylene; and combinations thereof. 

29. The gastrointestinal implant device of claim 26, wherein the flexible sleeve 
10 is formed of a material having a coefficient of friction of less than about 0.2. 

30. The gastrointestinal implant device of claim 26, wherein the flexible sleeve 
comprises a coating. 



15 31. The gastrointestinal implant device of claim 30, wherein the coating is 

selected from the group consisting of: silicone-based coatings; polyurethane- 
based coatings; and combinations thereof. 

32. The gastrointestinal implant device of claim 23, wherein the elongated tube 
20 extends into the intestine. 

33. The gastrointestinal implant device of claim 23, wherein the anchor secures 
the elongated tube within the gastrointestinal tract 

25 34. The gastrointestinal implant device of claim 23, wherein the anchor secures 
the elongated tube to the pylorus. 
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35. 



The gastrointestinal implant device of claim 23, further comprising an 
elongated extension tube, open at both ends, a proximal end of the extension 
tube substantially aligned with a distal end of the elongated tube. 
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36. The gastrointestinal implant device of claim 35, further comprising a 

connector coupled between the proximal end of the extension tube and the 
distal end of the elongated tube. 



5 37. The gastrointestinal implant device of claim 36, wherein the connector 
comprises a hook-and-loop connector. 

38. The gastrointestinal implant device of claim 23, wherein the anchor is 
collapsible. 

10 

39. The gastrointestinal implant device of claim 38, wherein the anchor is 
formed of a shape memory material. 

40. The gastrointestinal implant device of claim 39, wherein the anchor is 
1 5 formed of a nickel-titanium (Ni-Ti) alloy. 

41 . The gastrointestinal implant device of claim 23, wherein the anchor is 
tubular anchor comprising barbs extending from the exterior surface of the 
anchor, the barbs configured for securing the anchor to the muscular tissue of 

20 the gastrointestinal tract 



42. The gastrointestinal implant device of claim 41 , wherein the barbs are 
substantially bi-directional, extending outward, in opposing directions that 
are substantially parallel to the central axis of the tubular anchor. 

25 

43. A method of treating obesity comprising the steps of: 

endoscopically placing a removable, variable restrictive device in an 
upper part of a stomach; 

endoscopically placing a removable, variable length sleeve in the 
30 duodenum and jejunum; and 

connecting the sleeve to the restrictive device. 



WO 2004/087014 



-30- 



PCT/US2004/009269 



44. The method of claim 43, wherein the step of placing a removable, variable 
restrictive device comprises: 

providing a restrictive screen; 
providing an anchor, 
5 fixedly coupling the anchor to an upper portion of an animal's 

stomach; 

removably coupling the restrictive screen to the anchor, the restrictive 
screen, when coupled, dividing the inner volume of the stomach into a 
proximal chamber and a distal chamber and limiting the rate that food can 
1 0 pass therethrough. 



45. A method of causing weight loss comprising the steps of: 
endoscopically placing a sleeve in intestines; 
anchoring the sleeve in a pylorus; 
15 extending the sleeve through the stomach; and 

anchoring the sleeve to a ring in the stomach. 
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